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TITLE SALINOMETER INVENTORS Thomas M. 
Dauphlnee Christopher G.M. Kirby The salinometer 
is based on a direct determination of the conductivity 
ratio Rt = (Cx/Cs)t of simple water to standard 
seawater in a two channel, dual-cell, continuous- 
flow system. Each of the channels includes a 
conductivity cell with four electrodes immersed in 
sequence in the water flow. Two of the electrodes 
are current electrodes and the other two electrodes 
are potential electrodes. The standard water and the 
sample water pumped into their respective 
channels, are maintained at a common temperature 
by heat exchangers and a common bath. The 
salinometer circuitry include a first current source for 
driving a controlled current into the current 
electrodes of the conductivity cell to maintain a 
constant voltage across the potential electrodes. A 
second current source drives a current which is a 
linear function of the first controlled current into the 
current electrodes of the conductivity cell in the 
reference channel. The conductivity ratio Rt is then 
a function of the voltage detected between the 
voltage electrodes in the reference source. 
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ABSTRACT OF THE DISCLOSURE 
The sallnoiaeter Is based on a direct determination of the con- 
ductivity ratio (Cx/Cs)j- of sample water to standard seawater in 
a two channel, dual-cell, continuous -flow system. Each of the channels 
includes a conductivity cell with four electrodes Immersed in sequence in 
the water flow. Two of the electrodes are current electrodes and the 
other two electrodes are potential electrodes. The standard water and 
the sample water pumped into their respective channels > are maintained at 
a common temperature by heat exchangers and a common bath. The salino- 
meter circuitry include a first current source for driving a controlled 
current into the current electrodes of the conductivity cell to maintain 
a constant voltage across the potential electrodes » A second current 
source drives a current which is a linear function of the first control- 
led current into the current electrodes of the conductivity cell in the 
reference channel. The conductivity ratio R^ Is then a function of the 
voltage detected between the voltage electrodes in the reference source. 
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Background of the Invention 

This invention is directed to apparatus for the measurement of 
conductivity of a liquid and in particular, to a salinometer for the 
measurement of the ratio of the conductivity of saltwater to that of 
5 standard seawater. 

In United States Patent No. 3,963,979, which Issued on June 15, 
1976, to T.M, Dauphinee, a laboratory salinometer is described. It Is 
based on continuous flow of sample water at a constant temperature, 
ensured by a heat exchanger and therraostacted bath, through the measuring 

10 cell, rather than measurements on discrete samples as was the case with 
prior systems* The advantages of the system were that complicated 
temperature compensations in the measuring circuit were eliminated while 
the continuous flow greatly simplified flushing of the system to remove 
all traces of the previous sample. This instrument in its commercial 

15 version, the Gulldllne'^^Autosal^ has now become the standard instrument in 
many oceanographic laboratories around the world. 

A sophisticated version of the same system, using two heat 
exchanger-cell units in two different thermos tatted baths, was developed 
for studies of the conductivity of seawater as a function of salinity and 

20 temperature, and of the KCl equivalent of standard seawater. The results 
obtained led to the form of equations used for the Practical Sall.nity 
Scale, 1978, which is described in the publication by E.L. Lewis, "The 
Practical Salinity Scale 1978 and its Antecedents'*, IEEE Journal of 
Oceanic Engineering, Vol. OE-5, pp 3-8, January 1980, and make up a 

25 substantial part of the data on which the new scale Is based. 

The bulk and weight of the Autosal, which resulted largely from 
the thermosetting system, made it unsuitable for use in any but a fixed 
location or the laboratory of a relatively large ship* However, a need 
Is apparent for an instrument that is suitable for field and small boat 

30 use, can be easily transported from place to place, requires much less 
sample than the 100-200 ml needed by the Autosal and other salinometers , 
but is still accurate enough to satisfy most oceanographers • needs. 
Suxmaary of the Invention 

It is therefore an object of this Invention to provide an 

35 accurate and portable salinometer for field use. 
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This and other objects are achieved In a salinometer that 
Includes two channels, a reference water channel and a sample water chan- 
nel. In each of the channels, the predetermined water Is fed into the 
channel from a source. A conductivity cell in each channel has four 
electrodes immersed in sequence in the water flow, two of the electrodes 
being current electrodes and the other two electrodes being potential 
electrodes. Further > the channels include a mechanism to assure that the 
water temperatures in the two cells are substantially the same. The con- 
ductivity ratio between the sample water and the reference water is 
determined as a function of the voltage Vg between the reference cell 
voltage electrodes and the voltage between the sample cell voltage 
electrodes when linearly identical currents are driven between the cur- 
rent electrodes in each of the conductivity cells. 

In accordance with another aspect of this invention, the common 
temperatures of the water in the two channels Is maintained by a heat 
exchanger which is located in each channel, and through which water flows 
to the conductivity cell. The heat exchangers which may be made of metal 
tubing and may be in thermal and/or electrical contact with one another 
while immersed in a liquid bath» 

The circuit for driving the conductivity cells includes a first 
current source for driving a first controlled current between the two 
current electrodes in the sample cell, which may be the second and fourth 
electrodes, to produce a constant voltage between the two potential elec- 
trodes » which may be the first and third electrodes. A second current 
source drives a second controlled current between the two current elec- 
trodes in the reference cell, these electrodes may be the second and 
fourth electrodes. The second controlled current is controlled to be a 
linear function of the first controlled current. A detector senses the 
voltage between the potential electrodes in the reference cell, these 
electrodes may be the first and third electrodes. In addition, the first 
electrodes in the cells may be maintained at a common potential prefer- 
ably that of the heat exchangers to avoid the creation of stray currents 
between the channels through the heat exchangers. 

Many other objects and aspects of the invention will be clear 
from the detailed description of the drawings. 
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Brief Descrlptton of the Drawings 
In the drawings : 

Figure 1 Is a block diagram of the two channel sallnoraeter; 
Figure 2 is a cross-section of one channel in the sallnoraeter; 

5 and 

Figure 3 is an embodiment of the sallnoraeter circuitry. 
Detailed Description 

A schematic of the sallnoraeter In accordance with the present 
invention is Illustrated In figure 1. TVie flow system consists of two 
10 separate but near-identical channels, one channel for sample water and 
the other channel for reference water. In one channel, sample water is 
pumped from a reservoir 1 to a heat exchanger 2 located in a water bath 3 
which is stirred. From the heat exchanger 2, the sample water flows 
through a conductivity cell 4 which has two current electrodes Ij^^ and 
15 I^^ and two potential electrodes E^^^ and E^^ which are coupled to a 
measuring circuit* From cell 4, the sample water flows out as waste. 

In the second channel, reference water is pumped from a 
reservoir 5 through a second heat exchanger 6 also located in the water 
bath 3, such that the temperature of the reference water is made 
20 substantially identical to the temperature of the sample water. The 

reference water then flows through the conductivity cell 7 which has two 
current electrodes I^g and and two potential electrodes E^g and E2s 

which are also coupled to the measuring circuit • From cell 7, the 
reference water flows out as waste* 

In this system, the necessity of either thermostattlng or a 
complicated temperature compensation system Is avoided by making a direct 
measurement of the conductivity ratio Rj. = Cj^/Cg as it is used in the new 
scale, i.e. 

s « Y^^ ^ + (t~15) K 

where the a^ are the constants a y^a. ^2*** ® , ^defined in the scale 

t is Celsius temperature 
k is 0.0162 

and, the bj are the constants b ,^b ,2*** ^ j^defined in the scale 



25 
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By using this two heat exchanger-cell combination In the same 
stirred but not thermostated bath, with small conductivity cello, the 
salinoraeter can be made portable. 

One embodiment of one channel of the flow system apparatus is 
5 shown in cross-section in figure 2. The channel will be described as the 
sample channel, though both the sample and the reference channels are 
similar. 

Sample water from a bottle 10 is drawn through a crosslink 
valve 11 by a peristallic pump 12 through a thin Teflon [trademark] tube 

10 13, and drives it through a heat exchanger tube 14 which is located in a 
clear glass dewar 15 filled with water. This water is stirred to ensure 
uniformity of temperature by a bubbler 16 fed by an aquarium-type pump 
(not shown). The heat exchanger tube 14 may be made of stainless steel 
having a length in the order of 30 cm and an I.D. of 1 mm. In order to 

15 assist in obtaining identical sample and reference water temperatures, 
the heat exchanger tube 14 may be soldered throughout its length to the 
heat exchanger tube ±n the other channel. 

The tube 14 is connected to a conductivity cell 17 by a further 
Teflon tube 18. The cell 17 consists essentially of four electrodes E^^, 
"^Ix^ ^2x ^2x Positioned sequentially along a flow path of the sample 

water. More specifically, the cell 17 includes a tube 19 having an inlet 
20, an outlet 21 and three side arras 22, 23 and 24. The Teflon tube 18 
is connected to the inlet 20. On each side arm 22, 23, 24, an open-ended 
tube 25 is mounted through which the leads 26 for the electrodes Ej^^, Ij^ 

25 and '^27c^ respectively pass, and by which atmospheric pressure is main- 
tained on the liquid in the side arms. The fourth electrode 12-,^ is 
mounted in the outlet 21, A tube 27 and an open ended reservoir 28 are 
connected to outlet 21 through which lead 29 for electrode passes. 
As the water is pumped into the cell 17 by pump 12, it rises in each of 

30 the side arras 22, 23 and 24 at a very slow rate as the reservoir 28 

fills. Since water continuously flows up arms 22, 23, 24 and out of out- 
let 21, the measuring zone In tube 19 remains uncontaminated during the 
measuring process. 

After a measurement is taken, the water in the cell 17 and the 

35 reservoir 28 may be removed and the cell 17 may be flushed by a suction 
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arrangement as shown In figure 2. This system Includes a tube 30 which 
extends to the bottom of reservoir 28 and leads to a waste reservoir 31. 
If the storage reservoir 33 overflows, the water runs through the tube 30 
to the waste reservoir 31 • The waste reservoir 29 Is pumped continuously 
by a pump (not shown) adapted from suction, A T-joint 33 is open to the 
air in the overflow line 30 from the reservoir 28, When it is blocked, 
the reservoir 28 first empties and then the water is pulled out of the 
cell 17 and its sldearms 22, 23, 24, These then refill through the 
action of the peristaltic pump 12. 

Alternately, the water may be forced out of the arms in the 
cell 17 and the reservoir 28 by applying air pressure to the open ends of 
tubes 25 and reservoir 28 driving the water out • The next sample is then 
pumped into the cell 17 with a measurement being taken after the new 
sample is flushed through the cell 17 once or twice. 

The standard or reference water channel Is Identical, except 
that an even smaller flow is used once the cell has been well flushed. 
It is normally flushed without completely emptying the sidearms, since 
the reference water is always the same, and this avoids delay in 
refilling. 

In the present embodiment, it has been found that a sample flow 
as low as 3 ml/min and a reference flow as low as 1 ml/mdn gave very 
acceptable results. 

In order to determine the conductivity of the sample water, 
identical currents are driven between the current electrodes Ij and I2 in 
each of the channels. The conductivity ratio then is effectively 
the ratio between the potentials across the potential electrodes in each 
of the channels, if we ignore the difference between the two cell con- 
stants caused by dimensional differences between the cells and also 
polarization at the potential electrodes. 

One embodiment of a measuring circuit in accordance with the 

present invention is illustrated in block form in figure 3, It includes 

a square wave reference voltage source 35 with voltage V ^ which is 

ret 

applied to a voltage comparator 36 together with the output from a polar- 
Ization compensator 37, which detects and corrects f or\ any polarization 
potentialron the voltage electrodes E^^^, E^,^' From current amplifier 38, 
a current is driven through the cell 17 between the current electrodes 
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■^Ix* ^2x* maintain a constant square wave voltage across poten- 

tial electrodes E^^^ and E^^. The drive current Is fed through electrode 
''^2x sarae time a current Is drawn from electrode Ii^^ by ampli- 

fier 39 through a resistor 40, such that electrode E^^^ is held at ground 
5 potential at all times. This ensures that there is no ac current in the 
line to the heat exchanger l^f. Consequently the square-wave component of 
the current In electrode Ij^^ is exactly that required to generate the 
standard squarewave voltage across the potential electrodes E^x' ^2x 
is, therefore, proportional to the conductivity of the sample water In 
10 ' the cell 17. 

The standard or reference water cell in figure 1 functions in 
the same way. In this case, however, a drive amplifier 41 drives a 
current Into electrode l2g, through the reference cell and out of I|g, 
This current is identical to the current in the sample cell. This is 
15 achieved by using a comparator 42 which is coupled across resistor 40 and 
across a resistor 43 through which the reference current is drawn by 
amplifier 44, to control the amplifier 41. 

The square-wave voltage across the potential leads Ej^g, E2g of 
the reference cell is proportional to the ratio of the conductances of 
20 the sample x and standard s cells 4 and 7. That is, if and are the 
cell constants of the unknown and standard cells 4 and 7, and C and C 

X s 

are the water conductivities, then 

1^-VkC = VkC 
X XXX s s s 

C 

therefore, « v^k'-™^— « V k'R 

s 

V 

25 R^=_«^k» (2) 

X 



where k' = l^^/k^ is the ratio of the cell constants. 

In order to accurately measure the potential across the refer- 
ence cell 7, a null-detector is used. It includes a summing amplifier 45 
to which is applied the voltage between electrodes E and E 2s ^^^m 
30 across the reference cell 7. A further equal and opposite voltage is 
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applied to the arapllfier 45 v/hich Is obtained from a D/A converter 46 
which Is controlled by the amplifier 45 and which also uses the reference 
squarewave voltage as its reference source, A polarization compensation 
circuit which Includes an Integrating circuit 47 is coupled to the output 
5 of amplifier 45 which Integrates any dc and controls the bias of ampli- 
fier 45. 

With due allowance for the respective cell constants and for 
the deviation frora exactly S = 35 (a conductivity ratio of 1) of the 
standard seawater, a display reading the output setting of the D/A con- 

10 verter 46 may then be used to calculate conductivity ratio R^. of the 

sample water using equation 2. Then with a knowledge of the approximate 
temperature of the bath, the salinity of the sample water may be deter- 
mined from equation 1, The temperature may be determined using the pres- 
ent measuring circuit without additional thermistor circuits or the like 

15 by using the conductivity of the standard seawater itself as the measure 
of temperature. This is done by substituting a fixed resistor for the 
sample cell 4 chosen to give an appropriate range of readings on the 
display for temperatures between 15 and 35**C, A simple graph or table 
allows one to rr^ad off the temperature to sufficient accuracy^ Also, the 

20 fact that the ratio is trimmed to give correct S values with the particu- 
lar standard seawater being used ensures that a universal calibration 
curve calculated from the new equation for the effect of temperature on 
the conductivity of standard seawater, 

25 where r^. is the correction to R|. at temperature t; and 
Cj^ are the coefficients for the polynomial; 
can be used at all times. 

Many modifications in the above described embodiments of the 
invention can be carried out without departing from the scope thereof, 
30 and, therefore, the scope of the present Invention is intended to be 
limited only by the appended claims* 



CLAIMS: 



1. A salinometer comprising: 

- a reference water channel and a sample water channel, each of 
the channels including means for feeding predetermined water 
into the channel; 

- a reference conductivity cell means in the reference water 
channel and sample conductivity cell means in the sample water 
channel each conductivity cell means having a water inlet and a 
water outlet, and each conductivity cell means having first, 
second, third and fourth electrodes immersed sequentially in the 
water in the direction of flow, the first and third electrodes 
being potential electrodes and the second and fourth electrodes 
being current electrodes; 

~ means for maintaining the temperature of the water in the two 
cell means substantially the same; 

- first circuit means for controlling the current through each of 
the second electrodes such that the voltages at the first 
electrodes are maintained at a potential substantially 
Identical to the voltage in the temperature maintaining means, 
thereby preventing electrical leakage from the water inlet of 
each cell; 

- second circuit means for driving a current through the fourth 
electrode of the sample water conductivity cell means thereby 
generating an ac voltage between the first and third 
electrodes of the sample water conductivity cell means; and 

- third circuit means for controlling the current through the 
fourth electrode of the standard v/ater conductivity cell means 
such that the current in the second electrode of the standard 
water conductivity cell means has a fixed ratio to the current 
in the second electrode of the sample water conductivity cell 
means, whereby the conductivity ratio R-j; between the 
reference water and the sample is determined as a function of 



CLAIMS : (oontinued) 
1 . (continued ) 

the voltage Vg between the reference cell means first and 
third electrodes and the voltage between the sample cell 
means .first and third electrodes. 



2. A salinometer as claimed in claim 1 v/herein the 
temperature maintaining means includes a common ]. iquid bath and a 
heat exchanger for each channel connected to the cell means, the 
heat exchanger being located in the liquid bath, 

3, A salinometer as claimed In claim 2 wherein the 
heat exchanger includes a metal tubing, and the tubing in the 
reference channel is fixed to the tubing in the sample channel, 

i|. A salinometer as claimed In claim 1 wherein the 

second circuit means provides a current whereby the voltage Vj^; 
between the first and third electrodes of the sample water 
conductivity cell means is a square wave. 

5. A salinometer as claimed in claim H wherein the 
voltage is substantially constant. 

6. A salinometer as claimed in claim 5 wherein the 
second circuit means further includes means for compensating for a 
polarization potential between the first and third electrodes of 
the sample water conductivity cell means. 

7* A salinometer as claimed in claim 6 wherein the 

third circuit means includes null detector means for measuring the 
potential Vg between the first and third electrodes of the 
reference water conductivity cell means, 

8, A salinometer as claimed in claim 5 wherein the 

third circuit means further includes means for compensating for a 
polarization potential between the first and third electrodes of 
the reference water conductivity cell means. 
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